Abstract We evaluated a nurse-delivered adherence intervention in a preliminary randomized
Introduction
The HIV epidemic in China is in a critical phase, with increasing numbers of HIV-positive individuals in need of care [1] . Since the first case of HIV was reported in a tourist in 1985 [2] , a total of 319,877 people have been registered as HIV-positive in China [3] . Although dire initial estimates of up to 10-20 million infections by 2010 have proved inflated [4] , China's HIV epidemic will quickly escalate if the rate of new infections continues unchecked. Many Chinese and international experts believe that the government must act now to contain the epidemic before it generalizes from rather isolated pockets to the population overall [5] .
China recognizes its HIV/AIDS epidemic as a serious health, development, economic, and security challenge [6] . Accordingly, the Chinese government has taken several steps with the goal of limiting the infected population to less than 1.5 million this year. A key strategy of China's response has been to aggressively pursue treatment. In 2003, China implemented a ''Four Frees and One Care'', which committed the government to provide the following: (1) free antiretroviral medications to AIDS patients who are rural residents or who live in urban areas and are having financial difficulties; (2) free voluntary counseling and HIV screening tests; (3) free medications for HIV-infected pregnant women to prevent mother-to-child transmission, and HIV testing of newborn babies; and (4) free schooling for children orphaned by AIDS. One ''care'' refers to care and economic assistance for the households of people living with HIV/AIDS [7] . Although this policy stipulates increased access to ART, barriers to care remain, including stigma and discrimination, financial difficulties, fees for some medical tests (CD4 and VL), treatment for side effects, opportunistic infection treatment and hospitalizations, and costs associated with commuting to a healthcare facility [8] [9] [10] [11] .
The success of the treatment component of China's AIDS policy depends on optimizing adherence to HIV medication, especially given the limited options for second-line regimens. However, among patients in the free medication programs, indicators of adherence problems already have begun to surface [12] . Since March, 2003, 5,289 Chinese patients have enrolled in the free medication program covering nine provinces. Six months after their initiation date, 20% were no longer refilling their prescriptions [13] . A separate report indicated that in June 2005, over 60% of treatment program participants dropped out or died within the first 3 months. The most common reasons for discontinuing treatment were side effects, patient request, difficulty with adherence, disease progression, and death [14] . Furthermore, a recent report of 31,070 patients indicated treatment failed for 25% of Chinese HIV patients (12.0 treatment failures per 100 person-years), with the cumulative treatment failure rate increasing to 50% at 5 years [6] .
Two meta-analyses have indicated that various behavioral strategies can be efficacious in promoting adherence [15, 16] as well as improving clinical outcomes [16] . For example, successful interventions have employed couples-based counseling [17] , modified directly observed therapy [18] , and cognitive-behavioral approaches [19, 20] . Research on electronic reminders is more mixed, with one recent study noting no improvement with the use of programmable twoway pagers to alert participants to dosing times [21] .
While much of the information on strategies to promote adherence has been generated in resource-rich settings, less is known about measuring and promoting adherence in resource-limited settings such as China. Indeed, we could find only one published report evaluating an adherencepromotion intervention in China. Specifically, Sabin et al. [22] found that counseling based on feedback from electronic drug monitors (EDM) led to improved average on-time adherence, greater likelihood of achieving 95% ontime adherence, and improved CD4 count (but not HIV-1 RNA viral load, VL) among 68 mainly former drug users in Yunnan Province. The effects appeared to be largely due to steep increases in adherence among intervention participants who were low adherers at baseline. In a separate report on the study, Gill et al. [23] reported associations between viral suppression and four measures of adherence: visual analog scale, pill count, EDM percentage adherence, and EDM percentage of on-time (±1 h) adherence. The authors noted ceiling effects and limited variation in the self-report measures and indicated only the EDM estimates, particularly the one incorporating dose timing, were significantly associated with undetectable VL.
The present study reports findings from a preliminary randomized controlled trial (RCT) of a counseling intervention and electronic reminders among HIV-positive patients in Beijing, China. A group of 70 patients initiating ART were assigned to a minimal or enhanced intervention arm to assess the feasibility and initial efficacy of the intervention. For the counseling, we adapted Safren et al.'s Life-Steps protocol [19] in which education, problemsolving, and rehearsal strategies are used to assist HIVpositive patients in developing better skills for adhering to HIV treatment. It has been tested with favorable results both in the United States [20] and India [24] . As part of our adaptation, we trained nurses to deliver the intervention. Chinese nurses spend most of their shifts in the wards and have extensive understanding of the HIV-positive patient's condition; however, they are rarely involved in discussions or counseling about patient's treatment planning [25] . We perceived nurses to be an untapped resource in China, knowledgeable about patients, medically informed, and with potentially more time than physicians to devote to ancillary services such as adherence counseling. Studies in the West have demonstrated that nurse counseling can improve HIV medication adherence [26] [27] [28] . Finally, we believed that offering individuals a choice of intervention strategies as part of an individualized approach might enhance motivation, retention, and efficacy. We thus also adapted the intervention to incorporate the option of counseling with a patient-selected treatment adherence partner present; this was in line with the strong emphasis on family relations in China and its collectivist culture. To further enhance choice, we incorporated the option of using a reminder device in addition to, or instead of, the counseling component.
Overall, the intervention addresses the four key components influencing medication adherence that we identified in a conceptual model based on the preliminary qualitative research from this project [11] . Namely, access to medications and treatment regimens (a structural component) is assured; accurate knowledge about the medications such as dosing and potential side-effects (a cognitive component) is provided; motivation to adhere to the medications (a psychological component) is presumably enhanced by attention to cultural factors in the counseling; and, an internal or external proximal cue to take the medication (a social/mechanical component) is delivered by the treatment partner or the electronic reminder.
Methods

Procedures
Data were collected from December 2006 to March 2008 at Beijing's Ditan Hospital, the premier treatment center for infectious diseases in China. Eligible participants were Mandarin-speaking patients at Ditan Hospital who were at least 18 years of age, had CD4 counts lower than 350 cells/ mm 3 , were otherwise eligible for ART, and were willing to and physically capable of attending follow-up visits at the hospital. Cognitively impaired or actively psychotic individuals were excluded.
Referrals came from the hospital-based HIV/AIDS support group (i.e., the Red Ribbon Society); providers at the clinic; and the patients themselves. Study staff presented detailed information about the scope of the trial to all referred patients. Those who were interested provided written informed consent before enrolling.
At the baseline appointment and before initiation of ART, all participants completed a 1-h interviewer-administered paper-and-pencil baseline survey. They then participated in a 30-min educational session facilitated with a flip-chart, which was designed to provide information regarding their treatment plans, likely side effects, and the importance of adherence. All patients also were given a daily medication schedule, a plastic pill box to organize daily doses, and a referral card to the hospital-based peer support group.
Patients initiating ART regimens at the clinic were generally prescribed three antiretroviral products on a nonnucleoside reverse transcriptase inhibitor-based regimen. An electronic drug monitoring device (EDM; i.e., the Medication Event Monitoring System or MEMS Ò ; http://www.aardex.ch) was provided to all participants for the duration of the trial. EDM technology consists of a plastic pill vial and modified cap containing a microprocessor capable of recording the precise date and time of each vial opening as a presumptive dose. Each participant was given one EDM to use with Nevirapine or Efavirenz.
At the end of the baseline session, participants were randomized to either the minimal or enhanced 13-week intervention using sequentially numbered, opaque, sealed envelopes containing the intervention assignment, which the staff member opened at the moment of randomization. Participants assigned to the minimal intervention were to receive no further adherence-promotion intervention beyond the usual care at the clinic-which involved monthly medication pick-ups and any conversations patients initiated with their healthcare providers. All participants continued to receive medical care as usual at the clinic.
At baseline, post-intervention (13 weeks), and follow-up (25 weeks), the participants were given a survey, blood was drawn to determine VL and CD4 lymphocyte count, and EDM data were downloaded. The study coordinator conducted two brief telephone check-ins and adherence assessments at weeks 7 and 19. Participants were reimbursed 100 RMB ($12) for the baseline assessment, 120 RMB ($15) for the 13-week assessment, and 150 RMB ($18) for the 25-week assessment, with a 150 RMB ($18) bonus if they completed all three assessments and returned the EDM. Tracking efforts included unscripted reminder phone calls 1 week and 1 day before each scheduled assessment. Study staff administering surveys, but not the participants and intervention nurse, were generally blinded to study arm assignment.
Enhanced Intervention Arm
Participants assigned to the enhanced intervention could choose an alarm device, counseling, or both.
The reminder was a small battery-powered electronic alarm device. Enhanced intervention participants were first offered the choice of their cell phone as the electronic reminder. If the participant did not have a cell phone or preferred not to use it, then the study reminder device was introduced. In either case, project staff assisted participants in setting up a system in which an audible alarm would sound at pre-set dosing times.
The counseling intervention was delivered by one bachelor-level nurse who had been working at the clinic for 9 years. Hiring restrictions in China required the nurse interventionist be selected from the current team of nurse providers at the study hospital, all of whom participated in the 40 h of intensive training. The nurse intervener was supervised twice a month by telephone by study investigators to ensure fidelity to the intervention protocol, which included completion of a checklist and a progress note after each session. Note that the study nurse as well as the other nurses, all trained in the intervention, continued to see other patients at the hospital, including those in the minimal intervention arm. It was difficult, therefore, to limit the diffusion of the intervention.
In accordance with a manualized protocol, the counseling sessions involved a cognitive-behavioral and problem-solving approach to: (1) enhancing motivation for treatment continuation, (2) learning about antiretroviral medication and the prescribed regimen, (3) keeping appointments, (4) communicating with healthcare providers, (5) formulating a daily medication schedule, (6) storing medications, (7) setting reminder strategies, (8) coping with side effects, (9) securing family and social support, (10) handing adherence lapses, and (11) addressing additional barriers [19, 20] .
Participants could invite a treatment partner to attend the counseling sessions with them. A ''treatment partner'' was defined as someone to whom the participant had already disclosed their HIV status and who was available to assist the participant on a daily basis. Most often, the treatment partner was a spouse/partner, parent, or sibling who lived with the participant. Treatment partners were fully integrated into a modified version of the counseling intervention, which involved joint counseling in the cognitivebehavioral and problem-solving approach as well as providing training specific to strengthening communication skills.
Participants who opted to have counseling, either individually or with a treatment adherence partner, had three counseling sessions of up to 1 h each with the study nurse. The first session occurred either at the enrollment interview or within the first two weeks of initiating ART; additional counseling sessions occurred at 5 and 9 weeks. If necessary, the later sessions were replaced with counseling provided over the telephone.
Primary and Secondary Outcome Measures
The primary outcome measures were self-reported and EDM-based medication adherence, using both 7-day and 30-day assessment intervals. Because all participants were initiating ART, no adherence data could be collected at the actual baseline; adherence outcomes were computed for 7 weeks (mid-intervention), 13 weeks (post-intervention), and 19 and 25 weeks (follow-ups). Self-reported 7-day adherence was based on a single item ''How many of your HIV medication doses did you miss in the last 7 days?'' for which we computed a dichotomous outcome of 100% versus less than 100% adherence. We also calculated a similar variable based on data covering a 30-day time frame. Based on EDM data, we computed two continuous adherence variables for each assessment point, defined as the number of bottle openings recorded by the EDM cap during the 7 days and the 30 days before each assessment date divided by the number of prescribed doses according to medical record review. We also computed similar estimates of on-time adherence for each assessment point. Since all EDM-medications were prescribed B.I.D., doses were ideally spaced 12 h apart. Therefore, only EDM openings 11-13 h after the previous dose were counted for the on-time adherence estimates.
The secondary outcomes were CD4 lymphocyte count and VL, which were assessed via blood draws at baseline, 13 weeks, and 25 weeks. As VL data were not normally distributed, we conducted a log 10 transformation of VL data and used the transformed values in all analyses. CD4 and VL were analyzed as continuous variables to enhance power.
Statistical Methods
This preliminary RCT was undertaken to ascertain an approximate effect size and was not powered for statistical tests of efficacy. Interpretation focuses, therefore, on the magnitude and valence of the intervention effects, with P values provided for reference purposes. Also, the small N precluded an examination of the effects of specific intervention strategies (e.g., counseling vs. electronic reminders). Based on the assessment protocol, data on biological markers were available starting with the baseline interview and on adherence outcomes starting at the 7-week phone interview. Both cross-sectional and longitudinal intent-to-treat approaches were used to evaluate intervention efficacy.
The cross-sectional analyses evaluated the difference between minimal and enhanced intervention arm participant outcomes at each assessment point and were conducted using v 2 and t-tests for dichotomous and continuous outcomes, respectively. For these analyses, Fisher's exact tests were applied to the v 2 statistics when data were sparse or cell counts were low in order to provide a more conservative analysis [29] . Only participants with non-missing data for the assessment point being evaluated were included in the cross-sectional analyses.
The longitudinal analyses evaluated the difference in average change over time between minimal and enhanced intervention arm participants. These were conducted using generalized estimating equations (GEE) [30] , an approach that permits the retention of all participants, including those with some missing data. In the longitudinal GEE analyses, each outcome was regressed on arm (minimal vs. enhanced), time (weeks), and the arm 9 time interaction. The intervention effects were assessed with the arm 9 time interactions. A logit link function was utilized for the binary outcomes and Gaussian link function for continuous outcomes. An exchangeable working correlation structure and robust standard errors were specified to account for correlated outcome data across assessments.
Because there were differential rates of attrition, we did supplemental analyses accounting for incomplete followup data. We used a pattern-mixture approach to re-analyze the longitudinal models. In the pattern-mixture approach, the effect of missing data is incorporated as an explanatory variable in a longitudinal outcome analysis [30] . Accordingly, participants were classified into two patterns: those with complete versus incomplete follow-up data. The main effect of this missing data indicator and interactions with this indicator are then included in the analysis. This creates separate estimates of treatment effect for each missing data group. Each outcome was regressed on arm, time, the arm 9 time interaction, missing data group (completer vs. non-completer), and all interactions with the missing data group indicator. Treatment effects for completers and noncompleters were averaged according to the relative frequency of individuals in each group. Findings were similar to those from the analyses not adjusting for missing data, so we report the unadjusted results below.
Results
Study Flow of Participants
As seen in Fig. 1 , of the 89 patients screened for eligibility, 19 (21%) were excluded because they were not qualified to initiate ART, were too sick to participate, or refused. The reasons cited for refusal were living too far away to commute, being too busy, and having transportation difficulties. During the course of the trial, 6 of 34 participants enrolled in the minimal intervention arm dropped out due to moving to other provinces, ceasing ART because of severe side effects, losing interest in the study, or transferring to another institution for HIV care. None of the participants in the enhanced arm of the study dropped out. This difference was statistically significant (18% vs. 0%), Fisher's exact v 2 (1) = 6.95, P = 0.01. According to v 2 tests and one-way ANOVAs, participants across arms with complete selfreport data (79%) did not differ from those who missed one or more assessments (21%) on any of the main sociodemographic, psychosocial, or biological variables as assessed at baseline. Furthermore, within the minimal intervention arm, attrition unrelated to any of the baseline psychosocial factors.
Participants Description
The 70 participants enrolled in the trial ranged in age from 21 to 55 years (M = 36) at baseline and were mostly male (81%) and Han Chinese (96%). Participants were generally well educated, with 40% having a high school degree and 9%, a college degree; 47% were currently unemployed. Over half of the participants (61%) were married or had a steady partner. On average, participants had been diagnosed with HIV for 17 months. Comparison of participants in the two arms demonstrated that randomization was successful, with no statistically significant differences between them in any baseline measures of socio-demographics, regimen variables, or biomarkers.
Intervention Acceptability and Feasibility Data in Fig. 1 on participants' willingness to enter the study and minimal attrition attest to the intervention's acceptability and feasibility. Furthermore, of the 28 participants opting for counseling, 75% completed 2 or 3 sessions. Seven participants choose to conduct one of the counseling sessions by phone due to various reasons, including being out of town or having transportation difficulties the day of the scheduled appointment. Twelve opted for counseling with a treatment adherence partner, in which they incorporated a spouse (n = 8), parent (n = 1), or same-sex partner (n = 3). The inclusion of a treatment adherence partner was an innovative aspect of the adaptation and should be of substantial interest to those working in regions where an adherence partner is a prerequisite for obtaining government-funded ART. Despite strong cultural prohibitions against divulging information that might bring shame to the family, counseling participants readily engaged in the intervention, often calling the study nurse for more support. Among the 26 participants opting for alarms, 7 decided to use their own cell phones instead due to set-up issues, loss of the study device, or personal preference. The remaining participants used the study alarm without problems throughout the study period.
Descriptive Data on Adherence and Clinical Outcomes
Descriptive statistics for average adherence are presented in Table 1 . Data for self-reported dichotomous adherence and EDM continuous adherence were available at 7, 13, 19, and 25 weeks. Overall, self-reported 100% adherence was high and remained high throughout the study, ranging from 91 to 95% for the 7-day measure and 90 to 93% for the 30-day measure. Across arms, EDM adherence was lower than self-reported adherence and declined somewhat over time, from 78 to 67% for the 7-day measure and from 80 to 71% for the 30-day measure. On-time EDM adherence averaged approximately 11-18 percentage points lower than EDM adherence calculated without regard to dose timing. Clinical indicators demonstrated the efficacy of treatment. Across arms, 7.1% of the participants had undetectable VL at baseline, which increased to 78.1% over the 25 weeks of the trial. Immune functioning also improved, with average CD4 count rising during the trial from 147 to 263 cells/mm 3 .
Evaluation of Intervention Effects
Cross-sectional Analyses
Cross-sectional tests comparing participants in the minimal and enhanced intervention arms at each assessment are reported in Table 1 . The percentage of participants in the minimal intervention arm self-reporting 100% adherence in the 7 days prior to the assessment remained relatively stable from 7 to 25 weeks after baseline (ranging from 89 to 94%). However, enhanced intervention arm participants, despite being less likely than minimal intervention participants to report 100% adherence at 7 weeks (88% vs. 94%), were more likely to report 100% adherence at each of the next three assessment points. This difference was marginally significant at the 19-week assessment (100% vs. 89%), v 2 (1) = 3.72, P = 0.09. A similar pattern emerged for the self-reported 30-day dichotomous adherence outcome. The percentage of participants in the minimal intervention arm reporting 100% adherence in the 30 days prior to the assessment decreased over the course of the study (from 94 to 86%). However, enhanced intervention arm participants, despite being less likely than minimal intervention participants to report 100% adherence at 7 weeks (85% vs. 94%), reported higher levels of 100% adherence at each of the next three assessment points. This difference reached statistical significance at the 19-week assessment (100% vs. 86%), v 2 (1) = 5.05, P = 0.04. EDM 7-day adherence data indicated that participants in the enhanced intervention arm had greater average dose (82% vs. 75%) and on-time (74% vs. 61%) adherence than those in the minimal intervention arm by the 7-week assessment. They continued to have better adherence until the final follow-up assessment, with the greatest dose adherence difference occurring at the 13-week immediate post-intervention assessment (85% vs. 77%) and the greatest on-time adherence difference occurring at the 19-week assessment (66% vs. 52%). There were no statistically significant differences in EDM 7-day adherence between arms at any assessment point.
A very similar pattern emerged for the EDM 30-day dose adherence interval. Participants in the enhanced intervention had greater average 30-day dose (83% vs. 76%) and timing (71% vs. 59%) adherence than those in the minimal intervention by the 7-week assessment and they continued to have better adherence until the final follow-up assessment. There were no statistically significant differences in EDM 30-day adherence between arms at any assessment point.
With respect to the laboratory-based clinical outcome of VL, participants in both arms showed comparable improvement over time. CD4 count was slightly higher at baseline for enhanced intervention participants and remained higher throughout the study. There were no statistically significant differences between arms at any follow-up point for either clinical outcome.
Longitudinal Analyses
Recall that GEE analyses [31] were used to compare the average weekly change in each outcome for participants in the minimal versus enhanced intervention arms. Findings for the self-report adherence outcomes provided some evidence of superiority for the enhanced versus minimal intervention arm participants. With respect to the self- Note: Baseline data were not available for the adherence measures because all participants were initiating antiretroviral therapy. Differences between minimal arm and enhanced arm participants at the designed time points were evaluated using v 2 and t-tests for dichotomous and continuous outcomes, respectively. These cross-sectional analyses include all participants with non-missing data AIDS Behav (2011) 15:919-929 925 report dichotomous 7-day adherence outcome, the probability of 100% adherence remained stable in the minimal intervention arm, with 0.0 percentage point average weekly change. In contrast, the probability of 100% adherence increased by 0.6 percentage points per week in the enhanced intervention arm. This difference did not reach statistical significance, OR = 1.08, SE = 0.09, 95% CI = 0.92-1.28, P = 0.33. With respect to the self-report dichotomous 30-day adherence outcome, the probability of 100% adherence decreased by 0.3 percentage points per week in the minimal intervention arm but increased by 0.9 percentage points per week in the enhanced intervention arm. The weekly probability of 100% self-reported 30-day adherence for the enhanced versus minimal intervention arms, according to the longitudinal model, is plotted in Fig. 2 . The arm 9 time interaction indicated significant improvement, OR = 1.14, SE = 0.07, 95% CI = 1.01-1.30, P = 0.04. The cumulative effect of these average weekly improvements between the initial 7-week assessment and 13-week post intervention was a more than twofold improvement in the odds of 100% adherence for the enhanced versus minimal intervention arm, OR = 2.23, SE = 0.85, 95% CI = 1.05-4.72, P = 0.04. GEE analyses on the EDM adherence outcomes, however, indicated little difference between arms. Specifically, EDM continuous 7-day adherence data indicated that dose adherence decreased by 0.7 percentage points each week in the minimal intervention arm and 0.8% each week in the enhanced intervention arm, a non-significant difference, Beta = -0.12, SE = 0.57, 95% CI = -1.24-0.99, P = 0.83. EDM 7-day on-time adherence decreased by 0.9 percentage points each week in the minimal intervention arm and 1.1 percentage points each week in the enhanced intervention arm, a non-significant difference, Beta = -0.15, SE = 0.55, 95% CI = -1.23-0.93, P = 0.79. Results were very similar with respect to the EDM continuous 30-day adherence outcome, with dose adherence decreasing by 0.6 percentage points each week in the minimal intervention arm and 0.7 percentage points each week in the enhanced intervention arm, also a non-significant difference, Beta = -0.05, SE = 0.51, 95% CI = -1.05-0.95, P = 0.92). EDM 30-day on-time adherence also decreased by 0.8 percentage points each week in the minimal intervention arm and 0.9 percentage points each week in the enhanced intervention arm, also a non-significant difference, Beta = -0.03, SE = 0.48, 95% CI = -0.97-0.90, P = 0.94.
With respect to the log 10 VL outcome, longitudinal analyses indicated there was no difference between the arms, with average log 10 VL over 25 weeks decreasing 0.1 log units per week within each, Beta = -0.005, SE = 0.01, 95% CI = -0.03-0.02, P = 0.75. Neither for the CD4 count outcome was there any difference between arms, with average immune functioning increasing 5 cells/ mm 3 per week within each (Beta = -0.10, SE = 1.12, 95% CI = -2.30-2.09, P = 0.93).
Discussion
This preliminary RCT examined a nurse-delivered antiretroviral medication adherence counseling program targeting HIV-positive outpatients with or without a selfidentified treatment adherence partner in Beijing, China. The option of using an alarm device-in addition to or instead of the counseling-also was provided. Feasibility data were promising, with minimal refusals, good attendance, and few drop outs in this preliminary trial. There were no adverse events in either arm.
Descriptive findings indicated a ceiling effect for selfreported adherence, with all but a handful of participants reporting 100% adherence to their medications in the 7-and 30-day periods before each of the five assessments. This finding mirrors other reports of Chinese patients' high self-reported adherence. Specifically, among 69 mainly former injection drug users in Yunnan Province, selfreported adherence rates indicated almost no variability, with 95.6% of patients reporting at least 95% adherence during the 6 months of initial observation [23] . In a sample of 181 mainly former plasma donors in the provinces of Henan and Anhui, 81.8% reported adherence of 95% or greater adherence over the previous 3 days, with 49.7% claiming never to have missed a single dose of their medications [32] . Finally, among 308 individuals in southcentral China, half of whom had been infected via plasma donation, 80% reported taking more than 90% of prescribed doses in the previous 7 days [12] .
Enhanced Intervention Minimal Intervention
Week of assessment Probability of 100% Adherence The Chinese participants in this and other studies appear to self-report higher adherence and less attenuation over time than participants in US-based studies. For example, 70% of 224 participants in a Seattle clinic-based study of participants initiating or switching regimens self-reported 100% adherence at baseline, which dropped to 49% at 9 months [21] . In fact, a pooled analysis of 31 North American studies, of which 71% used patient self-report to assess adherence, indicated 55% achieved ''adequate'' levels of adherence [33] . Adherence levels in the current study were closer to those first reported in sub-Saharan Africa; the pooled estimate of adequate adherence among 27 African studies, of which 66% assessed adherence with patient self-report, was 77% [33] .
One possible explanation for the Chinese participants' higher self-reported estimates is that individuals in this study were generally initiating ART at more advanced stages of HIV disease than were participants in comparable studies in the West. Their initial poor health might lead to enhanced motivation to adhere to their regimens at the outset, with drastic improvements fueling their maintenance of adherence over time. Alternatively, the selfreports of adherence may be inflated by participants responding in a socially desirable fashion. In China, a strong authoritarian tradition may enhance this tendency toward socially desirable responding. This would be particularly problematic if the enhanced intervention arm participants were more responsive to this bias more than those in the minimal intervention arm.
That EDM-based adherence was lower than self-reported adherence at baseline (as seen in US studies) [34] and dropped off during the 25 weeks of the trial lends further support to the possibility that the self-reported adherence data were overestimates of actual behavior. This also suggests a possible effect of treatment fatigue, indicating the need to evaluate the effect of ongoing support or booster sessions in future trials. Alternatively, participants may have been less likely to use their EDM device, especially over time, meaning EDM data were underestimates of adherence. This could explain why, despite the decreasing average EDM-based adherence levels, the biomarkers of VL and CD4 indicated increasingly robust response to the antiretroviral medication.
This preliminary RCT was not powered for statistical tests of efficacy (N = 70). However, both cross-sectional and longitudinal analyses indicated that the intervention arm was generally associated with positive effects on the primary outcome of adherence, with participants in the enhanced intervention arm reporting adherence levels up to 15 percentage points higher than those in the minimal intervention arm. Longitudinal analyses revealed that the enhanced intervention more than doubled a participant's odds of attaining 100% self-reported adherence over the prior 30 days. The benefits were relatively consistent across assessment method (i.e., self-report or EDM); assessment period (i.e., 7 or 30 days); and type of adherence outcome (i.e., with or without the consideration of dose timing). The one exception was that effects on EDMbased adherence were more pronounced in the cross-sectional than longitudinal analyses, in part because these EDM data suggested adherence improvements achieved during the intervention were not maintained at follow-up. Biomarker levels (VL and CD4) were roughly equivalent between arms, suggesting any differences in adherence did not translate into measureable effects on disease progression. These findings are consistent with recent meta-analyses of US-based studies [15, 16] which indicated odds ratios of 1.50 [16] and 1.88 [15] for adherence outcomes and less robust findings for biomarkers (1.25) [16] .
Replication efforts and future research might consider a more prolonged and intensive intervention, given the inconsistent improvements in adherence that tended to decay after the intervention phase. Additionally, targeting individuals potentially at risk for non-adherence may lead to stronger intervention effects, especially given the ceiling effects in adherence we noted. Indeed, in their meta-analysis, Amico and colleagues noted that interventions targeting participants with known or anticipated problems with ART adherence demonstrated larger effects on adherence than interventions that did not. [15] .
Compared to the one other adherence intervention study we could locate that was conducted in China, our EDMbased estimates of average on-time adherence in the past 30 days were lower for intervention/control participants at initial assessment (87%/84% vs. 71%/59%) as well as at follow-up (97%/85% 26 weeks later vs. 57%/50% 18 weeks later) [22] . This difference is surprising as about half of the other study's sample was infected through injection drug use and thus may have had other challenges that interfered with consistent adherence. Moreover, adherence in our urban-based study was apparently less amenable to intervention effects. The intervention in southwestern China was longer (6 months), but the counseling component was not highly specified, purposefully designed to accommodate each clinician's style and encourage an individually tailored discussion. It is not clear, then, exactly what led to the improvement in that study-just as in our study we were not able to distinguish among the effects of the multiple components or determine which mediating variables were most related to improved adherence. Qualitative data, both from our work [11] and from the team in Yunnan [10, 22] suggest areas that might be worth specifically targeting in further adherence-promotion efforts in China, including the effects of acute HIV stigma in China, family relations, and mental health issues.
There are several limitations to the current study. Although self-reported adherence has been shown to correlate with VL [35] , differential reporting from participants in intervention versus control arms of a trial, as mentioned earlier, could make it a less trustworthy indicator of treatment effects. These findings suggest the utility of incorporating multiple adherence assessment strategies in addition to or instead of relying solely on self-report in clinical trials. In the previously mentioned study by Gill et al., in China, the EDM was a more valid indicator of undetectable VL than self-report [23] . With their southwestern Chinese sample, half of whom had been infected via injection drug use, they also noted EDM-adherence based on dose timing was more sensitive to viral suppression than adherence assessed with EDM that did not consider the timing of doses. In our sample, EDM on-time adherence calculated based on a similar 1-h window led to lower estimates of adherence, not surprisingly, but they were not more likely to differ between intervention arms.
Another limitation is that participants were not randomly assigned to the different options within the enhanced treatment arm, so we were not able to determine their relative efficacy. In line with recent work by de Bruin and colleagues [36] , we should note that the minimal intervention arm participants were supported in several ways for their adherence. They were given a pillbox and access to a peer support group because these are part of standard care at the clinic, and we provided them with the flip-chart education program as well. Diffusion of the intervention was possible, even likely, given that all nurses were trained in the intervention and all, including the study nurse intervener, continued to see patients in both study arms throughout the trial. Of course, any actual diffusion would mean our findings are conservative estimates of the actual effects. Thus, our intervention might prove even more beneficial if given to patients who otherwise get very little adherence support.
Finally, the analyses of the self-report dichotomous adherence outcomes require more cautious interpretation due to ceiling effects, particularly at the 19-week assessment. For the cross-sectional analyses, the use of Fisher's exact test is generally deemed appropriate in sparse data situations [31] . In the longitudinal analyses, the effect of sparse data on statistical estimates was less clear, although the GEE approach has been shown to produce unbiased estimates with sparse dichotomous outcome data [37] .
In conclusion, the HIV epidemic in China continues to provide a window of opportunity during which strict attention to adherence to life-sustaining medication regimens are urgently needed. Interventions such as the one studied here that capitalize on existing personnel resources (i.e., nurses), integrate easily with clinic care, address cultural values, incorporate family members and others who can provide social support, and offer choices and flexibility merit further attention.
